SCIENCE ADVANCES

B and A) and Sb-Sb (2.91 A between A and Bhese stretched inter- have been only observed under high pres28e3(). The present bi-
layer distances between both Zn-Zn and Sbh-Sb atoms are interpretatiraensional polymorphism between 3D-ZnSb and 2D-ZnSb thus em-
weak interlayer bondingserifying that the 2D-ZnSb is an exfoliatablgphasizes the potential and broad &iaility of such an electron transfer
layered material (figs. S6 and S7). This weak interlayer interactiothat manipulates a hybridized bongi state, transforming the crystal
2D-ZnSb implies that the [ZnSH]layer skeleton of 2D-LiZnSb isstructure even in a bulk scale.

energetically unfavorable itself and thus it stabilized by the ionic

bonding with Lt*ions in 2D-LiZnSb, separating each [ZnStdyer Electronic properties of 2D layered ZnSb

by the distance of 2.76 A (Zn-Sb bonding length in out-of-plane diredfe examined the electrical transport properties of bidimensional ZnSh
tion). Therefore, the [ZnShilayer skeleton in the 2D-ZnSb is stabilizegholymorphs and 2D-LiZnSb crystals, together with first-principles
by the weakly interfaced Zn-Zn and Sb-Sb interactions. It is also coalculations of their electronic energy band structures (Fig. 3). Contrary
firmed from the ab initio cohesive engg calculations that the observedo the semiconducting 3D-ZnSb,th@D-LiZnSb and 2D-ZnSb exhibit
layered structure is the most stable (pink bar) among the predictathle metallic conduction behavior (Fig. 3A). The electrical mobilities
layered structures for 2D-ZnSb (Fig. 2G), although one may expect tifatoth 2D-LiZnSb and 2D-ZnSb increase with the decrease in tem-
the ZnSb layer skeleton of 2D-Lizn@&mains as it is (blue bar) when Liperature, showing a higher value than that of 3D-ZnSb (Fig. 3B). The
cations are etched. On the other hand, the newly evolved layered stoazid structures of 3D-ZnSb and 2D-LiZnSb (Fig. 3, D and E) exhibit
ture of 2D-ZnSbh completes the first discovery of the bidimensiors$emiconducting character with a well-defined indirect bandgap of 0.05
polymorphism in Zintl phases at ambient pressure, where tfie spnd 0.29 eV, respectively. From the metallic conduction of 2D-LiZnSb,
hybridized bonding state in 3DrBb was manipulated into the’state  one would expect for a heavily doped semiconductor that is coincident
in 2D-ZnSb honeycomb lattice, validating the octet rule for Zintl comvith the reported experimental resulej. In contrast, the band structure 9
cept (see further details in fig. S8). In previous studies of Zintl phagg2D-ZnSb (Fig. 3F) exhibits a semimetallic character with the ove%
bidimensional polymorphic transitions between 3D and 2D structurksgpping of conduction and valence bands at the Fermilevel. Considerigg
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Fig. 4. Dimensional manipulation of a crystal structure for the bidimensional polymorphic ZnSb. (A and B) In situ synchrotron powder XRD patterns using 3D-

ZnSb (A) and 2D-ZnSb (B) via the electrochemical reaction. The alloying and etching processes were controlled by reducing and increasing voltage potential, respec-
tively. The inset (bottom left) of (A) shows the peak shift of (002) plane for 3D-ZnSh. The inset (top left) of (A) shows the disappearance of diffraetiks
corresponding (002) and (101) planes at 11.1° and 11.7° of 2D-LiZnSb with Li etching, indicating the transformation to 2D-ZnSh. The inset (middle) shows the appear-
ance and disappearance of Li,ZnSb by-product with discharging and charging reactions, respectively. The insets of (B) show the same changes observed in the insets
(top left and middle) of (A). No diffraction peaks of 3D-ZnSb were observed during the reversible structural transformation by Li alloying and etching processes. The
detailed evolution and degradation of diffraction peaks during the transformation are shown in fig. SIT). $chematic illustration of the dimensional manipulation of a
crystal structure, along with the transition of hybridized bonding characters from%pf 3D-ZnSb to sp of 2D-LiZnSh and 2D-ZnSb. The displacement of the blue arrow

in Sb fifth to Zn fourth orbital depicts the covalent bonding character between Zn and Sb in the honeycomb lattice. The electron transfer from Litehgpridized state

of 3D-ZnSb enables the transition to Sphybridized state of honeycomb ZnSb lattice in 2D-LiZnSb and 2D-ZnSh.
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